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The d e t e c t a b i l i t y  of i m p u r i t i e s  h a s  been  g r e a t l y  
ex tended  d u r i n g  Phase 11 of t h e  c o n t r a c t .  
of  t h e  i n s t r u m e n t ,  as w e l l  a s  t h e  maximum o p e r a t i n g  
p r e s s u r e ,  w e r e  b o t h  i n c r e a s e d  by  one decade. These two 
f a c t o r s ,  p l u s  t h e  r e d u c t i o n  i n  background peaks  due  t o  i o n  
m o l e c u l e  i n t e r a c t i o n s ,  i n c r e a s e d  t h e  minimum detectable 
s i g n a l  t o  approximate ly  20 p a r t s  p e r  b i l l i o n .  It i s  f e l t  
t h a t  by  p u r i f y i n g  t h e  gas  t o  be ana lyzed  t o  l o w e r  l e v e l s  
t h a n  i s  p r e s e n t l y  b e i n g  o b t a i n e d  (100 to 1000 PPM), con- 
t a m i n a n t s  i n  t h e  o r d e r  o f  1 - 10  PPB c o u l d  be ana lyzed ,  
The fo l lowing  p o r t i o n  of t h e  r e p o r t  w i l l  d i s c u s s  t h e  g a s  
p u r i f i c a t i o n  system a n a l y s i s ,  p r e s e n t  s t a t u s ,  change o v e r  
p r e v i o u s  i n s t r u m e n t ,  and p o t e n t i a l  improvements.  Table 
I summarizes t h e  r e s u l t s  o b t a i n e d  t o  d a t e  w i t h  t h e  g a s  
a n a l y s e s  approach.  
The s e n s i t i v i t y  
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GAS PURIFICATION SYSTEM 
A schematic of the  g a s  p u r i f i c a t i o n  sys t em i s  shown on  F i g .  1. 
Argon i s  s u p p l i e d  from a g a s s i f i e d - l i q u i d  s o u r c e .  The commercial 
s u p p l i e r  s ta tes  t h e  p u r i t y  of t h i s  s o u r c e  i s  bet ter  t h a n  40 PPM. 
Our a n a l y z e r  i n d i c a t e s  t h a t  the  i m p u r i t i e s  are main ly  CO and 
w a t e r .  A special ,  a l l  metal p r e s s u r e  r e g u l a t o r  s u p p l i e s  a rgon  a t  
p r e s s u r e s  of a b o u t  20 p s i g .  The p r e s s u r e  f l u c t u a t i o n s  caused  by 
t h e  r e g u l a t o r  opening  and c l o s i n g  are minimized by p l a c i n g  a n  
a rgon  c y l i n d e r  i n  the l i n e  between the  r e g u l a t o r  and the  bleed 
v a l v e s  V and  V3. During normal o p e r a t i o n  V i s  f u l l y  open,  V3 
and v1 closed, V4 i s  t h r o t t l e d  t o  o b t a i n  t h e  proper argon f l o w  
rate. 
i n t o  the molecu la r  s i e v e  c o n t a i n e r ;  7 .5  pounds of m o l e c u l a r  
s i e v e  are  used .  T h i s  shou ld  be a d e q u a t e  t o  r e d u c e  t h e  w a t e r  con- 
t e n t  of the  a rgon  from 25 PPM t o  1 PPB, Based o n  a f l o w  rate of 
1 t o r r - l i t e r s / s e c o n d  and a s o r p t i o n  t o t a l  p r e s s u r e  of 2 a t m . ,  s u f f i -  
c i e n t  s o r b e n t  i s  a v a i l a b l e  t o  m a i n t a i n  t h e  p u r i t y  for a per iod  o f  
1000 h o u r s ,  assuming the  s o r b e n t  i s  m a i n t a i n e d  a t  a t e m p e r a t u r e  of 
25' C. P r o v i s i o n  is made t o  m a i n t a i n  t h e  s i e v e  a t  v a r i o u s  
t e m p e r a t u r e s .  The c a p a c i t y  of the mater ia l  i n c r e a s e s  c o n s i d e r a b l y  
as the  temperature i s  decreased. 
2 
2 2 
The a rgon  l e a v e s  the storage t a n k ,  and t r a v e l s  t h r o u g h  V2 
A t  room t e m p e r a t u r e ,  t h e  c a p a c i t y  of the  s o r b e n t  i s  n o t  s u f f i c i e n t  
t o  remove a s i g n i f i c a n t  q u a n t i t y  of ca rbon  d ioxide ,  N2,  and 02" A 
t i t a n i u m  g e t t e r  i s  used  t o  remove t h e s e  gases. A f u r n a c e  i s  
s u p p l i e d  t o  hea t  t h e  t i t a n i u m  to  remove t h e s e  ac t ive  gases, Approx- 
ima te ly  1 / 2  pound of t i t a n i u m  can  be placed i n  t h e  f u r n a c e ,  
i s  a n  o v e r  capacity by almost 1000 t i m e s  of what  i s  needed t o  
p u r i f y  t h e  t i t a n i u m  t o  1 PPB f o r  1000 h o u r s .  
T h i s  
System 
The p r e v i o u s  system employed a mercury d i f f u s i o n  pump and a 2 "  
r a d i u s  of c u r v a t u r e ,  90" mass spectrometer w i t h  s o u r c e  and e x i t  
s l i t s  .007" w i d e .  An e l e c t r o n m u l t i p l i e r  t u b e  w a s  used  a t  t h e  
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col lector  fo r  i o n  d e t e c t i o n .  The pressure i n  t h e  s p e c t r o m e t e r  w a s  
un i form,  i .e. ,  t h e  s o u r c e  and magnet ic  a n a l y z e r r e g i o n s  w e r e  a t  t h e  
same p r e s s u r e .  The l o w e s t  pressure a t t a i n e d  i n  t h i s  sys tem w a s  
3 x t o r r .  
The p r e s e n t  s p e c t r o m e t e r  u s e s  an  o i l  diffusion-pumped sys tem w i t h  a 
2 "  r a d i u s  of c u r v a t u r e ,  60" mass s p e c t r o m e t e r .  Two r e g i o n s  of mag- 
n e t i c  d e f l e c t i o n  are employed. The s o u r c e  i s  d i f f e r e n t i a l l y  pumped 
so t h a t  t h e  h i g h  p r e s s u r e  i n  t h e  s o u r c e  does  n o t  interfest .2  w i t h  t h e  
i o n  beam p a t h  i n  t h e  magnet ic  a n a l y z e r  s e c t i o n s .  Th i s  h a s  i n c r e a s e d  
t h e  maximum p r e s s u r e  a t  which u s e f u l  spec t rums  can  be c b t a i n e d  t o  
a p p r o x i m a t e l y  5 x t o r r .  The l o w e s t  p r e s s u r e  t h a t  h a s  been ob- 
t a i n e d  i n  t h e  s o u r c e  t o  date has  been  2 x lo-' t o r r ,  and less t h a n  
2 x 10 -lo t o r r  i n  t h e  magne t i c  a n a l y z e r  s e c t i o n .  
A diffusion-pumped sys tem is  used r a t h e r  t h a n  an  i o n  pump s i n c e  t h e  
l a r g e s t  gas l o a d  i s  a r g o n ,  I o n  pumps c a n  h a n d l e  t h i s  g a s  o n l y  w i t h  
g r e a t  d i f f i c u l t y .  
The s p e c t r o m e t e r  u s e s  a .007" e x i t  s l i t ,  a ,007" i n t e r s t a g e  s l i t ,  and 
a .030" col lector  s l i t .  
i o n  d e t e c t i o n .  
A 14 stage e l e c t r o n  m u l t i p l i e r  i s  used  for  
S e n s i t i v i t y  , 
The s e n s i t i d y  of t h e  i n s t r u m e n t  i s  expressed as o u t p u t  c u r r e n t  p e r  
u n i t  p r e s s u r e  i n  t h e  s o u r c e .  The p r e v i o u s  d e v i c e  h a s  a s e n s i t i v i t y  
of a b o u t  .1 amp/ tor r ,  t h i s  i n s t r u m e n t  h a s  a s e n s i t i v i t y  of 1 amp/ tor r .  
The i n c r e a s e  i s  due p r i m a r i l y  t o  t h e  d e v i c e  i t se l f  and n o t  t h e  
e l e c t r o n  m u l t i p l i e r .  
m u l t i p l i e r  of 3 x 
40 v o l t s  e l e c t r o n  a c c e l e r a t i n g  v o l t a g e .  The 90" d e v i c e  h a d  a s e n s i -  
t i v i t y  a t  t h e  same p o i n t  o f  3 x amp/torr .  A c t u a l l y ,  t h e  per- 
formance of t h e  p r e s e n t  e l e c t r o n  m u l t i p l i e r  i s  d i s a p p o i n t i n g ,  
of 1000 t o  50,000 are typical. They s h o u l d  be more i n  t h e  o r d e r  o f  
10  t o  10 . It i s  f e l t  t h a t  t h e  u s e  of magne t i c  f i e l d s  ( a s s o c i a t e d  
w i t h  t h e  e l e c t r o m a g n e t s )  i n  close p r o x i m i t y  w i t h  t h e  m u l t i p l i e r  are 
The p r e s e n t  60" d e v i c e  h a s  an o u t p u t  t o  t h e  
amp/torr a t  a n  e m i s s i o n  c u r r e n t  of 5'5 m a  and 
Gains  
6 7 
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t h e  cause o f  t h e  g a i n  d e t e r i o r a t i o n .  A magnet ic  s h i e l d  w i l l  be 
c o n s t r u c t e d  about  the m u l t i p l i e r  t o  de termine  whether  o r  n o t  t h i s  
i s  t h e  problem, 
Dark -C u r r e n t  o r  - Backqroun d S i q n a l  
The background c u r r e n t  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  measuring 
c a p a b i l i t y  o f  o u r  equipment.  This  c u r r e n t  a p p e a r s  t o  o r i g i n a t e  
i n  t h e  e l e c t r o n  m u l t i p l i e r .  It i s  t h e  v a r i a t i o n  i n  background 
c u r r e n t  t h a t  l i m i t s  t h e  minimum detectable s i g n a l .  L i m i t a t i o n s ,  a t  
p r e s e n t ,  do n o t  appear  t o  be caused by t h e  broad background i n  t h e  
p r e v i o u s  in s t rumen t .  
The background s i g n a l  from t h e  a n a l y z e r  i s  t h e  basic l i m i t a t i o n  t o  
t h e  s e n s i t i v i t y  o f  t h e  dev ice .  A t  p r e s e n t ,  t h i s  c u r r e n t  i s  
approx ima te ly  4 x 10  -11 amps, which i s  a factor  o f  25 t i m e s  worse 
t h a n  t h e  p r e v i o u s  dev ice .  The v a r i a t i o n  i n  background c u r r e n t ,  
amps. This c u r r e n t  i s  u n a f f e c t e d  by  however,  i s  o n l y  2 x 10  
r a i s i n g  t h e  p r e s s u r e  t o  6 x t o r r ,  
-12 
It  i s  i n  t h e  r e g i o n  of  masses 1 2  th rough 20 t h a t  t h e  l a r g e s t  r e d u c t i o n  
i n  background c u r r e n t  h a s  b e e n  oDta ined .  
i n  t h e  o r d e r  o f  1 x 10  -lo amps w e r e  o b t a i n e d  w i t h  t h e  p r e v i o u s  90" 
machine.  This h a s  been v i j c tua l ly  e l i m i n a t e d  by  t h e  u s e  of t h e  two 
s t a g e  machine and t h e  d i f f e r e n t i a l l y  pumped source. This  c u r r e n t ,  
however,  h a s  been r e p l a c e d  by  a l a r g e  dark  c u r r e n t  s i g n a l  which 
a p p e a r s  t o  be a f u n c t i o n  of pressure a t  t h e  e l e c t r o n  m u l t i p l i e r .  
Large  background c u r r e n t s  
Maximum O p e r a t i n q  P r e s s u r e  
The maximum p r e s s u r e  i n  t h e  o r i g i n a l  machine w a s  determined by e lec t r ica l  
breakdown which o c c u r r e d  i n  t h e  p r e s s u r e  r a n g e  o f  3 - 5 x 
The breakdown u s u a l l y  took p l a c e  i n  t h e  e l e c t r o n  m u l t i p l i e r  r e g i o n .  
Apparen t ly ,  t h e  v o l t a g e s  and dimensions w e r e  a t  an optimum f o r  an  
e lec t r ica l  d i s c h a r g e .  
machine by  t h e  doub le  pumped source .  The p r e s s u r e  i n  t h e  e l e c t r o n  
m u l t i p l i e r  r e g i o n  is s t i l l  l i m i t e d  t o  3 x to r r .  However, t h e  
This  problem w a s  c i rcumvented  i n  t h e  p r e s e n t  
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i o n  s o u r c e  c a n  be r a i s e d  t o  p r e s s u r e s  i n  t h e  micron  r a n g e  b e f o r e  
any problems w i t h  d i s c h a r g e  are n o t e d .  Source  p r e s s u r e s  h i g h e r  
t.han 5 x l o m 4  t o r r  cause  "Aston Banding".  
w i t h  t h e  a rgon  g a s  m o l e c u l e s  as t h e y  t r a v e l  from t h e  i o n  cage  t o  
t h e  e x i t  s l i t  i n  t h e  s o u r c e ,  These ion-molecule  c o l l i s i . o n s  do 
one  of t w o  t h i n g s .  The i o n s  l o o s e  momentum and t r a v e l  t h rough  t h e  
magne t i c  a n a l y z e r  r e g i o n .  S i n c e  magne t i c  f i e l d s  are e s s e n t i a l l y  
momentum f i l t e r s ,  t h e s e  l o w e r  momentum i o n s  a p p e a r  w i t h  l o w  momentum 
( l o w  mass) molecules .  The i o n s  can  a lso i o n i z e  g a s  molecu le s .  These 
new i o n s  t r a v e l  t h rough  a lower  a c c e l e r a t i n g  v o l t a g e  and t h e s e  
a l s o  c a u s e  peaks i n  l o w  momentum p o r t i o n s  of t h e  spec t rum.  
The i o n  stream c o l l i d e s  
The a d d i t i o n  of a n  ene rgy  f i l t e r  t o  t h e  spec t rometer ,  e i t h e r  t o  
take t h e  place o f  t h e  second stage magne t i c  a n a l y z e r  o r  added as 
a t h i r d  s t a g e , w o u l d  be b e n e f i c i a l .  It i s  f e l t  t h a t  t h e  a d d i t i o n  or 
t h i s  ene rgy  f i l t e r  w i l l  e x t e n d  t h e  s e n s i t i v i t y  of t h e  a n a l y z e r  b y  one  
decade.  
Backqround P r e s s u r e  
The best background p r e s s u r e  o b t a i n e d  t o  date i n  t h e  s o u r c e  o f  
t h e  new machine w a s  app rox ima te ly  1 x lo-' t o r r .  
l i m i t i n g  f e a t u r e  i n  the a n a l y s i s  of g a s e s .  The r e s i d u a l  gases 
i n  t h e  vacuum sys tem l i m i t  t h e  a n a l y s e s  t o  approx ima te ly  2 PPM 
of co2, N2, and H20. O t h e r  g a s e s  can be d e t e c t e d  t o  l e v e l s  of 
1 0  - 100 PPB. There i s  no r e a s o n &  p r e s e n t  t o  b e l i e v e  t h a t  t h i s  
i s  t h e  u l t i m a t e  p r e s s u r e  o f  t h e  sys tem.  P r e s s u r e s  less t h a n  
2 x 10  -lo t o r r  have  been  o b t a i n e d  i n  t h e  a n a l y z e r  r e g i o n .  
p r e s s u r e  i s  caused  b y  a n a l y z i n g  impure g a s e s ,  As soon as t h e  
gases are c l e a n e d  t o  p u r i t i e s  better t h a n  1 PPM, t h e  d e t e c t a b l e  
l i m i t  (background p r e s s u r e )  s h o u l d  a l s o  drop  , 
T h i s  i s  t h e  
This 
Table  1 
S e n s i t i v i t y  
Dark C u r r e n t  
V a r i a t i o n  i n  Dark 
C u r r e n t  
Background C u r r e n t  due 
t o  p=3x10'5 (a t  
M a s s  1 2 )  
Max. O p e r a t i n g  P r e s s u r e  
Max. S i g n a l  
Min. Detectable S i g n a l  
Max. Signal/Min. D e t .  S ig .  
Background P r e s s u r e  
( B e s t  to D a t e )  
P r e v i o u s  
.1 a/ torr  
1.8 (10- l2)  
1.8 (10 -12) 
(lo-1o) 
5.0 
5 .O amps 
1 (lo-11) 
1  IO-^) 
2 PPM 
20 PPM 
P r e s e n t  
lSt S t a q e  
1 a/ torr  
5 ( 1 0 - 5  
1 (lo-1o) 
N o t  







1 a / tor r  
5 ( 1 O ' l l )  
2 (lo-12) 
l ( l 0 - 5  
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